accuracy of predicting clinical outcomes, such as inpatient mortality. Other POA information may also explain variation in hospital outcomes, such as length of stay (LOS), but this potential has not been previously explored.
Recent research has found that the addition of clinical data to administrative data strengthens the accuracy of predicting inpatient mortality.
1,2 Pine et al. 1 showed that including present on admission (POA) codes and numerical laboratory data resulted in substantially better fitting risk adjustment models than those based on administrative data alone. Risk adjustment models, despite improvement with the use of POA codes, are still imperfect and severity adjustment alone does not explain differences in mortality as well as we would hope. 2 The addition of POA codes improves prediction of mortality, since they distinguish between conditions that were present at the time of admission and conditions that were acquired during the hospitalization, but it is not known if the addition of these codes is related to other measures of hospital performance-such as differences in length of stay (LOS). Which of the factors related to the patient's clinical condition at the time of hospital admission drive differences in outcomes?
A patient's admission diagnosis may be an important piece of information that accounts for differences in hospital care. A patient's diagnosis at the time of hospital admission leads to the initial course of treatment. If the admitting diagnosis is inaccurate, a physician may spend critical time following a course of unneeded treatment until the correct diagnosis is made (reflected by a discrepancy between the admitting and discharge diagnosis codes). This discrepancy may be a marker of the fact that, while some patients are admitted to the hospital for treatment of a previously diagnosed condition, other patients require a diagnostic workup to determine the clinical problem.
A discrepancy may also reflect poor systems of documenting critical information and result in delays in care, with potentially serious health consequences. 3, 4 If diagnosis discrepancy is a marker of ''difficult-to-diagnose'' cases, leading to delays in care, we may be able to improve our understanding of perceived differences in the production of high-quality medical care and proactively identify cases which need more attention at admission to ensure that necessary care is provided as quickly as possible. Almost universally, comparisons of hospital performance are risk-adjusted to account for differences in case mix and severity across institutions. These risk-adjustment models rely on discharge diagnoses to adjust for clinical differences among patients, even though recent research has shown that models using discharge diagnoses alone are inadequate predictors of variation in mortality among hospitals. While the findings of Pine et al. 1 suggest the need to add certain clinical information, such as laboratory values, to improve these models, this information may be costly for some institutions to collect and report. We aimed to explore whether other simple to measure factors that are independent of the quality of care provided and routinely collected by hospitals' electronic information systems can be used to improve riskadjustment models. To assess the potential of other routinely collected diagnostic information in explaining differences in health outcomes, this study examined whether a discrepancy between the admission and discharge diagnoses was associated with hospital LOS.
Patients and Methods Patient Population
The sample included all patients age 18 years and older who were admitted to and discharged from the general medicine units at Rush University Medical Center between July 2005 and June 2006. We further limited the sample to patients who were admitted via the emergency department (ED) or directly by their physician, excluding patients with scheduled admissions for which LOS may vary little and patients transferred from other hospitals. We also excluded patients admitted directly to the intensive care units. However, some patients were transferred to the intensive care units during their stay and we retained these patients. Only a small percent of cases fit this designation (1.2%). We did not explore the effects of this clinical situation due to small numbers of patients. Our attempt was to constitute a sample that would include patients for whom admission is more likely for an episodic and diagnostically complex set of symptoms and signs.
Diagnosis Discrepancy
Admission and discharge diagnosis codes were classified using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). An admission diagnosis is routinely documented and coded by hospitals but is not used by most private and public payers for reimbursement purposes, unlike the discharge diagnosis codes. The admission diagnosis code summarizes information known at the time the patient is admitted to the hospital and corresponds to the chief complaint in the history and physical report. Its specificity may depend on a variety of patient and physician-related factors, and neither the quality of the information collected at admission nor the specificity of the coded information is externally regulated. Only one admission diagnosis code is captured and, like the discharge diagnosis codes, coded at the time of discharge. The admission diagnosis code reflects the amount of information known at the time of admission but is retrospectively coded. A patient may have multiple discharge diagnosis codes. These codes summarize information collected throughout a hospitalization. The discharge diagnosis codes are used to bill third-party payers and patients. In addition, governmental agencies, benchmarking institutions, and researchers use the discharge diagnosis codes to classify a patient's condition, identify comorbidities, and measure severity of illness.
We measured discrepancy between admission and discharge diagnoses in two ways. We first compared the admitting diagnosis code with the principal discharge diagnosis code. A match was defined as a patient record in which the two codes were exactly the same at the terminal digit. If the two codes did not match exactly at the terminal digit, we classified the patient as having a discrepancy or ''mismatch'' between diagnosis codes. For example, if the admitting diagnosis code was 786.05 (shortness of breath) and the principal discharge diagnosis code was 428 (congestive heart failure, unspecified), the diagnosis codes were classified as discrepant. To test the robustness of our definition of discrepancy between admitting and discharge diagnoses, we created a second variable that compared the admitting diagnosis code with the first five discharge diagnosis codes. If the admitting diagnosis code did not match any of the first five discharge diagnosis codes, the diagnosis codes were classified as discrepant.
We use the term ''diagnosis discrepancy'' to refer to records that have a mismatch between admitting and discharge diagnosis codes.
Models and Data Collection
The outcome of interest was inpatient LOS. The primary independent variable was whether the patient record had a discrepancy between the admitting and discharge diagnosis codes.
Our models controlled for the following variables: age; sex; admission source (ED or primary care provider); primary source of insurance (Medicare, Medicaid, or commercial coverage); and severity of illness, measured by the number of comorbid conditions. 5, 6 We also controlled for the general type of clinical condition, which was classified by the principal discharge diagnosis code using the Healthcare Cost and Utilization Project's Clinical Classifications Software 2007. 7 Data were collected from the institution's clinical data warehouse.
Statistical Analysis
A generalized linear regression model fit with a negative binomial distribution was used to test for an association between inpatient LOS and a discrepancy between admitting and discharge diagnosis codes, adjusting for the variables described above. We reestimated our models without the respective diagnosis discrepancy variable and calculated a likelihood ratio test statistic for the two models to determine whether the addition of diagnosis discrepancy significantly improved our models. We used two sensitivity tests to assess the specification of our models. First, we included two interaction terms: one for diagnosis discrepancy and ED admissions, to assess whether the association between diagnosis discrepancy and LOS differed by admission source; and another for diagnosis discrepancy and the number of comorbidities, to assess whether the association between diagnosis discrepancy and LOS differed by level of patient complexity. Second, we incrementally broadened our definition of a match in admitting and discharge diagnoses by comparing the admitting diagnosis with the first two discharge diagnoses, then the first three discharge diagnoses, through the 10th discharge diagnosis, and reestimated the regression models using the successively broader definition of match (principal, first two, first three, first four, through the first 10 discharge diagnoses) to further assess the robustness of our measurement of diagnosis discrepancy as a predictor of LOS.
Results
Of the 5,375 patients discharged between July 2005 and June 2006, 75.6% had a discrepancy between their admitting and principal discharge diagnosis. Patients with a discrepancy between their admitting and principal discharge diagnosis codes had significantly longer LOS, were older, had more comorbid conditions, and were more likely to be male, admitted through the ED, and have Medicare (Table 1) . Results were similar for the more encompassing definition of a discrepancy between admitting and the top 5 discharge diagnoses (results not shown). Table 2 reports the 10 most common admitting diagnoses that did not match the principal discharge diagnosis code and the 10 most common principal discharge diagnoses that did not match the admitting diagnosis code. The top 10 discrepant admitting diagnosis codes represented nearly onehalf of all cases with a discrepancy between the admitting and discharge diagnoses. The top 10 principal discharge diagnosis codes represented 23% of all discrepant diagnoses. Table 3 lists the 10 most common pairs of mismatched admitting and principal discharge diagnosis codes. The most common mismatched pair was a principal admitting diagnosis code of 786.05 (shortness of breath) and discharge diagnosis code of 428.0 (congestive heart failure, unspecified). Table 4 reports the results of the generalized linear model predicting LOS. Discrepancy between the admitting and principal discharge diagnoses was associated with a 22.5% longer LOS (P < 0.01), translating into a 0.76-day increase at the mean for those with discrepant diagnoses. Our results are robust to our definition of discrepancy between admitting and discharge diagnoses. Using the discrepancy definition based on the top five discharge diagnosis codes, a discrepancy between admitting and discharge diagnoses was associated with a 15.4% longer LOS (P < 0.01), translating into a 0.52-day increase. Results of the likelihood ratio test showed that the addition of diagnosis discrepancy significantly improved the fit of the regression models using both the principal and top five discharge diagnosis codes.
Broadening our definition of a match between admitting and discharge diagnosis codes from matching only on the principal discharge diagnosis code to the first 10 discharge diagnosis codes showed that even when using the first 10 discharge diagnoses, a diagnosis discrepancy still significantly increased LOS. The magnitude weakened, however, as the definition of a match in diagnosis codes was broadened, ranging from 22.5% when including the principal discharge diagnosis code only to 12.1% when including the first 10 discharge diagnosis codes (Figure 1 ).
Discussion
Discrepancy between admitting and discharge diagnosis codes was associated with a large increase in LOS, even after controlling for age, sex, admission source, insurance, number of comorbid conditions, and clinical domain. This discrepancy translated into an increase of 0.76 days in LOS per general medicine patient, nearly two-thirds larger than the increase in LOS of 0.47 days associated with having one comorbid condition, and equated to 4,102 additional patient days for the 5,375 general internal medicine patients admitted. The relative and absolute increase in LOS associated with a diagnosis discrepancy is considerably larger than that associated with measures of comorbid illness found in other studies. In a study examining the predictive power of comorbidity measures based on diagnosis codes and outpatient pharmacy records, Parker et al. 8 found that the inclusion of comorbid conditions based on only discharge diagnosis codes was associated with up to a 0.28-day increase in LOS, and the further inclusion of comorbidity markers based on pharmacy data was associated with up to an additional 0.09-day LOS. In a study comparing different measures of disease severity and comorbidities in predicting LOS for total knee replacement patients, Melfi et al. 9 found that the addition of one diagnosis code was associated with a 3.3% increase in LOS. Similarly, Kieszak et al. 10 found that the likelihood of having an LOS greater than 10 days increased two-fold for patients with carotid endartectomy and at least one comorbidity. While a discrepancy between the admitting and discharge diagnosis codes was consistently associated with an increased LOS, the underlying reasons are not yet understood. We can only speculate about the reasons for this association, and further work is needed to test these hypotheses. There are several possible explanations for discrepant cases: (1) poorer documentation at the time of admission, (2) more complexity in terms of the diagnostic task, and (3) less thorough diagnostic workup at the time of admission.
First, we do not think that poor documentation at the time of admission is the most likely explanation. Our ED uses documentation templates for all admitted patients, hence equalizing the amount of documentation for many patients. However, the main reason we do not think this is the reason for discrepancy is that diagnosis codes at the time of admission via the ED are assigned by physicians and not those who code based on documented information.
We do think that the most likely reason is that patients with discrepant diagnoses are truly harder to diagnose cases. For example, we assume that the time to provide care to patients once admitted is the same regardless of the ED or preadmission triage. For example, assume all patients are seen nearly as soon as admitted and the workup promptly ensues. Hence, under these conditions, variation in LOS may be due to more care needed for the most severely ill. If this assertion is true, our finding is a new one and adds a new candidate variable to explain variation in care due to patient ''severity'' (beyond comorbid illness, which we controlled for). We think we are showing that diagnostic uncertainty is a common, previously unexamined component of the complexity of clinical presentations (we propose that diagnosis discrepancy is a ''complexity'' variable rather than a comorbid, severity of illness variable). For example, discrepancy between admitting and discharge diagnosis codes could be due to other patient characteristics such as a patient's inability to communicate his or her symptoms to the physician due to language or cultural barriers. However, regarding the third possible reason, if the ED or the preadmission setting fails to provide diagnostic services prior to admission for those patients with discrepant diagnoses regardless of diagnostic complexity, then our finding is a hospital or system performance variable. Those patients with discrepant diagnoses may have had a less thorough workup prior to admission leading to more workup being needed during the admission.
Regardless of the reason (perhaps all three reasons are involved at some level), our study points to a new component of patient care variations. We hope our finding spurs future research efforts. We are about to embark on a comparison of patients with identical discharge diagnoses but discrepant or not discrepant admission diagnoses to explore variations in the amount/type of diagnostic and treatment plans provided both before and during hospitalization.
In further support of diagnosis complexity as the reason for discrepancy is that the codes on admission for discrepantly coded patients are nonspecific, ''symptom or sign'' diagnoses (ie, shortness of breath, abdominal pain) while discharge diagnoses are more specific (ie, congestive heart failure, pancreatitis) (Tables 2 and 3 ). The nonspecific nature of the preliminary codes likely signifies more clinically complex situations and when noted, over and above previously described risk adjustment models, the discrepancy portends more healthcare needs. For patients admitted without a clear diagnosis of a clinical problem, diagnostic workups may be more complex and require longer hospitalization. For these patients, a longer LOS may not be a marker of poor quality of care, but instead the lack of critical information present at the time of admission.
Our comparison of the association between LOS and a discrepancy in diagnosis codes when the admitting diagnosis code was successively matched to a larger number of discharge diagnosis codes suggests that LOS increases not only when the admitting diagnosis is incorrect or not sufficiently specific, but also when the admitting diagnosis is correct, but not the principal discharge diagnosis. Taken together, these findings suggest that delays in care may result from lack of clear patient diagnostic information at the time of admission.
Our findings may advance the understanding of variations in hospital care from two standpoints. First, noting the discrepant diagnoses may significantly improve prediction in health services research studies examining variations in hospital performance, even beyond the addition of POA coding. Second, and perhaps more importantly, prospectively identifying patients at the time of admission with the nonspecific, preliminary codes identified in our study may allow physicians to target earlier in care patients with more demanding care needs. We realize, however, that before we could use this information to prospectively attempt to improve care, coding would have to be done at admission rather than discharge. At our site, this is true in the ED setting. Patients are assigned an admission diagnosis code as they leave the ED and this code is carried through to discharge without alteration. A nonspecific admission code could, for example, alert those taking care of the patient in the hospital that this is perhaps a more complex clinical situation requiring earlier consultation. Concurrent coding could also jumpstart studies to better understand whether what we have found in this preliminary study is due to poor assessment or difficult patient situations. However, this contingency may not be possible for those admitted directly from physician offices, as both the admission and discharge codes are determined at the time of discharge and based on documentation. Yet, on admission, a chief complaint is provided that may serve the same purpose as an admission diagnosis code if they are sufficiently in agreement. Our study has limitations. It is from a single medical center and uses administrative data alone. We did not have access to clinical records for more detailed information about the content and completeness of medical records at the time of admission. Our observations should be tested in other hospital systems. Another limitation may be that we focus on discrepancy and not on those patients without a discrepancy. However, the aim of testing for discrepancy is to focus on improvement. Conducting a more in-depth chart review of patients with similar final diagnoses, some with discrepant codes and others with nondiscrepant codes, may be a way to assess the reasons why LOS varied in the two groups. The next step, should our observations be confirmed, is to systematically assess whether other characteristics exist that differentiate cases in which a discrepancy between diagnosis codes is due to diagnostic uncertainty from those in which it is due to diagnostic oversight or error. A method to systematically identify conditions at admission that are likely to be misdiagnosed or have a delay in diagnosis may substantially improve the overall quality of care provided in the hospital.
